3
After incubation at 50°C for 1 h, the reaction products (2 µL) were introduced into competent E. coli JM109 cells (100 µL) and grown on LB/Tmp agar plates by incubating at 37°C overnight. The colonies were combined and the plasmids were extracted to yield a library.
This plasmid library was then used to transform KT101. A functional screen based on the viability of the transformed KT101 was carried out as described previously 4 , in which the selecting agent was changed from Zeocin to Tmp (10 µg/mL). For domain deletion in pRB105 carrying 16S NS11 , pRB105 was amplified inversely using sets of the following primers: Bac1r and CntD+ for the 5′ domain deletion, 5D-and 3MjD+ for the central domain deletion, CntD-and 3MnD+ for the 3′major domain deletion, and 3MjD-and 1542f for the 3′minor domain deletion. PCR was performed using KOD Neo DNA polymerase (Toyobo) with the following temperature cycles: 94°C for 2 min, followed by 35 cycles of incubation at 94°C for 10 s, 48°C for 30 s, and 68°C for 15 s (for domain amplification) or 8 min (for domain deletion), and a final incubation at 68°C for 10 min. The amplicons were gel purified and dissolved in 30 µL of water. Each 16S rRNA domain fragment (~200 ng) and the cognate linearized vector fragment (~200 ng) were combined and ligated using the In-Fusion Cloning Kit (Clontech) in a total volume of 10 µL. After incubation at 50°C for 1 h, the products (2 µL) were introduced into competent E. coli JM109 cells. Correct shuffling products were confirmed by DNA sequencing and used for further studies.
Domain-based chimeragenesis

In vitro translational activity
The KT105 derivative strains were grown in 600 mL of LB/Km/Tmp in a 3 L flask at 37°C to OD 600 0.5-0.6. Cells were pelleted by centrifugation (5,000 g, 10 min, 4°C), resuspended in 12 to obtain pure ribosomes.
For translational activity measurements, the PUREfrex cell-free translational system (GeneFrontier) was used. The superfolder GFP 
Sucrose density gradient analysis
Sucrose density gradient analysis of the ribosomes was carried out as previously described 1 .
Briefly, KT105 derivatives were grown in 50 mL of LB/Km/Tmp in a 500 mL flask at 37°C.
When the OD 600 reached 0.4 to 0.6, 100 µg/mL chloramphenicol was added 5 min before harvesting to avoid polysome run off. The flask was rapidly chilled in ice water for 10 min, and the cells were collected by centrifugation (5,000 g, 10 min, 4°C). The pellets were resuspended in 1 mL of cold RBS-H buffer. Then, 15 µL of 0.5 mg/mL lysozyme (Sigma) was added, mixed and frozen at -80°C for 1 h. The sample was then incubated in ice water until completely thawed. This freeze-thaw cycle was repeated four times to ensure efficient recovery of the polysomes. The cell lysates were cleared by centrifugation (15, Samples were taken from the top of the tube using a BIOCOMP Piston Gradient Fractionator, and A 254 was monitored continuously on an ATTO UV monitor (AC-5200). 1484 are not involved in interaction with proteins. It is known that genes for S9 and S17 can be knocked out in E. coli 18 , suggesting that interactions between 16S rRNA and these proteins are also not essential. The other 18 ribosomal protein genes are reported to be essential 18 . In the RNA-RNA contact map (B), the interactions of the compensatory nucleotides within the RNA helices were seen as patterns that protruded perpendicular to the diagonal line (the nucleotide interaction between 1416 and 1484 is also seen in a protrusion).
In this map, 285 nucleotides, representing 85.3% of the total 334 variable nucleotides, occurred in this protruding pattern, confirming the compensatory and conservative nature of the RNA secondary structure. 
